This laboratory has sustained interest in thieno (2,3-b)quinolines, the chemistry and pharm a cology of which occupy a relatively minor p art in the available literature on heterocyclic compounds. This tricyclic system is of interest from several points of view. The chemistry of thienoquinoline is as rich and diversified as one would expect for such highly functionalised heterocycle incorporating theoretically attractive features -the combination of thiophene (characterised2 as resistant to nucleophilic substitution, but easily undergoing electrophilic substitution) and the quinoline (exhibiting almost the opposite characteristics3) systems. The obvious display of such a unique combination would be in the selectivity of chemical reactions possible on this system. Pharmacological interest in this system stems from its isosterical and isoelectronical resemblance to acridine. Furtherm ore thieno(2,3-b)quinoline (1) constitutes the thieno analogue of the basic structural unit of several alkaloids of the R utaceae4-7. The relative dearth of information about this interesting field cannot be due to lack of interest, obviously, m ust be due to the difficulty in obtaining these compounds.
Introduction
This laboratory has sustained interest in thieno (2,3-b) quinolines, the chemistry and pharm a cology of which occupy a relatively minor p art in the available literature on heterocyclic compounds. This tricyclic system is of interest from several points of view. The chemistry of thienoquinoline is as rich and diversified as one would expect for such highly functionalised heterocycle incorporating theoretically attractive features -the combination of thiophene (characterised2 as resistant to nucleophilic substitution, but easily undergoing electrophilic substitution) and the quinoline (exhibiting almost the opposite characteristics3) systems. The obvious display of such a unique combination would be in the selectivity of chemical reactions possible on this system. Pharmacological interest in this system stems from its isosterical and isoelectronical resemblance to acridine. Furtherm ore thieno(2,3-b)quinoline (1) constitutes the thieno analogue of the basic structural unit of several alkaloids of the R utaceae4-7. The relative dearth of information about this interesting field cannot be due to lack of interest, obviously, m ust be due to the difficulty in obtaining these compounds.
An initial goal, in our programme to study in detail the chemistry and pharmacology of 1, has been the quest for flexible synthetic schemes which R equ ests for reprints should be sen t to D r. P . S h a n m u g a m , D irector, Madras U n iv ersity P o stg ra duate E xten sion Centre, Coimbatore 641004, Tam il Nadu, India.
would allow the facile preparation of this heterocycle in different varieties. Our earlier publications in this series1-8-13 were the fait accompli of such an effort and the present work marks the beginning of the next phase of investigations aimed a t elaborating the chemistry of 1. In view of the facts outlined earlier on the importance of this heterocycle, a theoretical picture of 1 becomes quite significant and crucial to designing future research objectives which will reveal its physical and chemical properties. To this goal, the molecular orbital calculations for 1 have been performed and the results are presented and discussed in this paper.
Methods of Calculation
Three different methods of calculation have been employed in the molecular orbital studies. The molecule has been studied within the 7r-electron approximation using the HMO method and the P P P method. Some ground state properties of the molecule have been investigated by means of the CNDO method, treating all the valence electrons explicitly. The basic concepts underlying the m eth ods of calculation and the course of numerous com putations have been described in various te x ts14-17 and literature18.
The semi-empirical parameters applied in the P P P calculations and the numerical values for the parameters in the CNDO method have been re ported18 already. Numerical values for the coulomb and resonance integrals used in the HMO calcula tions are given in Table I . The calculations were carried out using electronic digital computers a t the Departm ent of Chemistry, University of Oslo, and a t J. Heyrovsky Institute of Physical Chemistry and Electrochemistry, Prague. For an experimental determination of the dipole moment of 1, the method reported by E ric et a l.19, was adopted. Measurements of dielectric constant were made by means of a dipolemeter (Type DM 01) in conjunction with a measuring cell (Type DFL 2). The cell was therm ostated to 40 ± 0.05 °C by means of a precision ultra therm o static water circulator. The measuring frequency was 2 MHz. The instrum ent was calibrated against ben zene and used for measurements on five benzene solution of the substrate in the weight fraction range 0.005 to 0.02. The refractive indices were ob tained on the same solution using a Pulfrich refractometer a t a constant tem perature of 40 ± 0.05 °C. Monochromatic radiation of 589.3 nm from a so dium vapour lamp was employed for illumination.
The molecular orbital data for thieno(2,3-b)quinoline (1) are shown below: are elongated. The geometry of the thiophene unit does not seem to be altered much. I t is of interest to note th a t whereas the bonds 1-2 and 3-4 are increased in 1, when compared to thiophene, bond 2-3 experiences a small decrease. The joint bond distance (4-13) is increased. A similar type of observation has been reported18 in a comparison between the bond distances of thieno(2,3-b)pyridine and thiophene. 
Internuclear Distances
The internuclear distances have been calculated using the linear relations18 between the mobile bond orders, derived from the PPP-approximation and the bond lengths.
Exam ination of the calculated bond distances for 1 shows th a t the bonding situation in 1 is close to th a t for the isosteric acridine20. In the formation of the tricyclic system viz., (1), a certain degree of bond fixation takes place. The bonds 6-11 and 12-13 decrease whereas the bonds 11-12, and 6-5 
Atomic Charges
The Ti-electron densities obtained by the HMOapproximation, the PPP-approximation and the G-and 7r-electron densities as calculated by the CNDO method are presented in Table III. A graphical comparison of the yr-electron densities shows th a t all the three procedures produce almost the same trends (although the absolute values differ) within the limits of the uncertainties in the parameters used in calculations of this kind. I t is interesting to note th a t with few exceptions the PPP-and CNDO-approximations agree in the pre diction of the sign of the net atomic charges, and where the methods disagree, they both predict net charges close to zero. The best available test of the predicted charge distribution lies in the comparison between measured and calculated dipole moments using the CNDO method. Considering the uncer tainties in the param eters employed in the CNDO method, the predicted value of 4.02 D is quite comparable with the measured value of 3.45 D. Reactivities The tendency for different types of reactions to occur a t different centres of a molecule will depend upon the transition state in which the aromatic 7T-system is perturbed to a relatively small degree by the attacking reagent. The ability of a molecule to undergo different types of chemical reactions, depending upon the perturbing agent, is deter mined by one of the several reactivity indices. Such readily obtainable indices from the HMO results are the free valencies (F )14-17, exact superdelocalizabilities (S)21 and W heland's atom localization energies (A)22. The results of the CNDO method lead to further reactivity indices like the frontier electron density (FED )18 index for electrophilic substitution frontier radical density (F R D )18 index for radical substitution, and the frontier orbital density (FOD)18 index for nucleophilic substitution.
The calculated reactivity indices are presented in Table IV . The subscripts e, r and n refer to electro philic attack, radical attack and nucleophilic attack. In the case of the indices FED, FRD, and FOD, only data referring to the secondary carbon atoms are included in the Tables.
Observation of the values of Se indicates th a t electrophilic substitution should occur predomi nantly in the thiophene unit with a strong preferen ce for C3-position over th a t of C2. This prediction is not surprising in view of the predicted and experi m ental results reported for similarly fused and related thiophenic compounds like benzo(b)thiophene23, various thienopyridines 24, thienopyridazines25-28, thienopyrimidines29 and the thienopyrazines30. The values of Ae also favour electro philic attack in the thiophenoid unit although the order of preference is reversed. The CNDO cal culations lead to results similar to th a t derived from the HMO-approximation, eventhough the value of FED a t C5 is significantly larger than the corre sponding ones for C3 and C2. In view of the difference between the HMO and CNDO approximations it is of interest to note th a t almost perfect agreement is found in the trends of the Sn and FOD values. As revealed by the values of the various reactivity indices, nucleophilic and radical substitution should occur predominantly in the quinoline unit with a preference shown for C5 and expositions. These predicted preferential positions for nucleophilic and radical attacks are found to be analogues to those th a t one finds in the isosteric acridine31. We are immensely grateful to Professor P. N. Sk a n c k e , D epartm ent of Chemistry, Institute of Mathematical and Physical Sciences, University of Tromso, Norway, Professor R. Za iir a d n ik and Dr. Z. S l a n in a , J. Heyrovsky, Institute of Physical Chemistry and Electrochemistry. Czechoslovak Academy of Sciences, Prague for their encourage ment and valuable assistance with the computations.
